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Abstract 
In this work, pectin extraction was performed using ripened sugar palm meat and young sugar palm meat as raw 
materials.  The effect of extraction temperature and pH on the yield of pectin was investigated.  It was found that the 
degree of esterification and galacturonic acid content decreased at high pH condition.  The ripened sugar palm could 
give pectin as high as 20% yield at extraction condition of pH 2, 80oC, while the young sugar palm gave only 8.1% 
yield at pH 3.  It was found that the adjustment of pH before and after extraction largely affected the yield of 
extraction.  On the other hand, the extraction of young sugar palm meat at microwave power 800 W at pH 2 with 3 
minutes of duration yielded as high as 23.5% of pectin.  The results suggested that sugar palm meat had high 
potential as a new pectin source. 
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1. Introduction 
Pectin is a polysaccharide, also known as a water-soluble fibre.  It is employed in both food and 
pharmaceutical industry as a gelling agent and a functional food.  Pectin is commercially extracted from 
citrus peels and apple pomace.  Recently, dielectric heating or microwave heating becomes attractive 
technique for improving extraction yield and quality of pectin from various sources.  Application of 
microwave assisted extraction on orange peels was reported by several research groups [1-4]. Pre-
treatment of orange peels raw by microwave was found to improve extraction yield and quality of pectin 
[2].  Zhongdong and co-workers showed by the image study that 10 minutes of microwave irradiation 
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disintegrate the orange skin tissue than 18 hours of traditional heating.  Recently, microwave assisted 
extraction of lime pectin and apple pomace were also intensively studied [5,6]. 
Fig. 1. (Left) Sugar palm trees, (Right) Sugar palm fruits 
Sugar palm or Asian Palmyra palm is found in south-east Asian and south Asian countries.  Palm sugar 
can be obtained from the young inflorescence.  Its jelly seed is served as fruit.  The ripened outer layer of 
the palm fruits can also be eaten raw, boiled, or roasted, while the young sugar palm is a waste in large 
scale from canning industry.  In our previous work, we found that the ripened sugar palm meat yielded 
obtained pectin as high as 20% of dry weight [7].  In this work, we performed pectin extraction on both 
ripened and young sugar palm and applied the microwave heating on the extraction of young sugar palm. 
2. Materials & Methods 
2.1. Materials & Apparatus 
Ripened sugar palm meat and young sugar palm meat were obtained from Saraburi province and 
Petchaburee province, Thailand.  Sodium hydroxide (Ajax Fine Chem), Hydrochloric acid (37% , Carlo 
Erba), Ethyl alcohol (95%), Carbazole (96%, Fluka), D-(+)-Galacturonic acid (97%, Fluka), and sulfuric 
acid (96%, Carlo Erba Reagents) were reagent grade or analytical grade and used as received.   
The microwave oven was Electrolux EMM 2005, which can adjust its power within the range of 300-
800 W.  The reaction temperature was adjusted constantly by a temperature controller.  The conventional 
heater was from Grant instrument (W28) with a power of 1500 W.
2.2. Methods 
10 g of a sugar palm meat was blended with 300 mL of distilled water by a mixer.  The pH of the 
mixture was adjusted using 0.25 M NaOH solution or 0.25 M HCl solution.  Then the mixture was heated 
by water bath or microwave oven.  The solid residue was removed by filtration.  The obtained solution 
was concentrated to 50 mL using vacuum evaporator.   If necessary, pH of the solution was adjusted 
before addition of 150 ml of ethanol lead to the formation of pectin precipitation.  The solution was kept 
at room temperature for 2 hours before filtration.  The solid was dried in an oven at 80oC for 8 hours. The 
color of pectin from ripened sugar palm was yellow.  On the other hand, the color of pectin from young 
sugar palm was white͘
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2.3. Determination of degree of esterification (DE) 
50 mL of de-ionized water was added to dried pectin (0.1 g) in a 100 mL beaker, and the solution was 
stirred at room temperature for 12 hrs.  0.1 M NaOH solution was dropped to the solution until the change 
of phenolphthalein color.  Then 25 mL of 0.25 M NaOH solution was added to the sample and stirred for 
30 min.  Next, 25mL of 0.25 M HCl solution was added to the sample.  Excess HCl was titrated by 0.1 M 
NaOH solution with the presence of methyl red as an indicator.  The number of esterified carboxy group 
was calculated from the volume of 0.1 M NaOH used in the titration.   
2.4. Determination of galaturonic acid (GA) unit content 
5 mL of sulfuric acid (98%) was added to 5 mL of 100 ppm of pectin solution.  Then 200 PL of 
0.1%v/v carbazol solution was added to the sample.  The sample was heated at 58-60oC for 1 hour and 
cooled down to room temperature.  The absorbance was measured at 527 nm against a reagent blank.  The 
total galaturonic acid unit content in sample was derived from the calibration curve using standard 
solution of galaturonic acid at the same condition. 
3. Results & Discussion 
3.1. Effect of extraction temperature, raw material and pH 
The extraction conditions for investigation of the effect of raw materials, temperature and pH are listed 
in Table 1.  In this work, ripened palm meat or young palm meat was used as raw materials.  Firstly, the 
extraction was performed at pH 2 for 1 hour with 30 or 20 times of water as extraction solvent.  The 
temperature for extraction was varied to 60, 80 and 100oC, respectively.    
Table 1. Extraction conditions for investigation of the effect of raw materials, temperature and pH 
Samples 
Ratio of water to 
palm meat by 
weight
Temperature (oC) pH Time (hrs) 
Ripened T60 pH2  60     
Ripened T80 pH2 30 80 2 1 
Ripened T100 pH2  100     
Ripened T80 pH2    2   
Ripened T80 pH3    3   
RipenedT80 pH4    4   
Ripened T80 pH5 30 80 5 1 
Ripened T80 pH6    6   
Ripened T80 pH8    8   
Ripened T80 pH9    9   
YoungT60 pH3   60     
YoungT80 pH3 20 80 3 1 
YoungT100pH3   100     
YoungT80 pH3     3   
YoungT80 pH4 20 80 4 2 
YoungT80 pH5     5   
YoungT80 pH6     6   
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According to the result in Figure 2, it was found that 80oC was the optimum temperature for both 
ripened and young palm meat.  However, the yield from young palm meat was quite lower than those of 
ripened palm meat.  Since the meat of young palm is quite harder than the meat of ripened palm, the meat 
of ripened palm could be dispersed in water more easily than the young palm meat.  This may cause the 
difference of dissolution of pectin into the extraction 
solvent.   
Similar results were observed in Figure 3.   For 
ripened palm, yield of extraction increased as an 
increase of pH.  On the other hand, GA and DE 
decreased as an increase of pH.  Although the alkaline 
condition gave high yield as in acidic condition, it 
was reported that alkaline conditions usually caused 
decomposition of pectin molecules [8].  
Consequently, the optimum pH for extraction of 
ripened palm was 4.  In the case of young palm, it was 
found that low pH condition yield higher extraction 
yield, GA and DE.  This result is supported from 
another experiment, which is listed in Table 2.  
Sample Young-pH 2, which was obtained from 
extraction at pH 2 gave the highest extraction yield at 
13.3%.  So that pH 2 was used for further extraction 
of young palm.    
3.1 Effect of precipitation conditions  
Fig. 2.  Yields of extraction from various temperatures  by 
conventional heating method 
Fig. 3. Effect of extraction pH on yield, galacturoic acid and degree of esterification of pectin from conventional heating methods  
1557Supitcha Rungrodnimitchaia / Procedia Food Science 1 (2011) 1553 – 1559
Table 2. Conditions for extraction and precipitation pectin from young sugar palm meat 
Samples 
Ratio of water to 
palm meat( wt) 
Temperature Time (hrs) Extraction pH Precipitation pH Yield (%) 
Young pH2       2 - 13.3 
Young pH3 30 80 2 3 - 10.0 
Young pH4       4 - 4.0 
method 1       - - N.A. 
method 2 30 80 2 - 3 N.A. 
method 3       3 3 4.6 
method 4       3 7 12.1 
The effect of precipitation conditions was examined in Table 2.  The results showed that method 1 and 
method 2, which had no pH adjustment during extraction yielded little amount of pectin.  On the other 
hand, when pH of the system was kept at 3 during extraction and precipitation (addition of ethanol), the 
yield was only 4.6%.  Surprisingly, Method 4 which its extraction pH was 3, and precipitation pH was 7 
yielded as high as 12.1%.   Considering the effect of pH on molecular structure of pectin, it may be 
explained as in Figure 4.  In acidic condition, the unit of pectin molecules are in form of galacturonic acid 
or methyl ester, which is non-ionic compound.  When the galacturonic acid is neutralized by NaOH, the 
unit of galacturonic acid is converted into galacturonate sodium salt, which is ionic compound.  This 
leads to difference in solubility in ethanol (precipitation solvent).  Since ionic compound of the sodium 
salt form is less soluble in organic solvent, more pectin molecules could be precipitated by ethanol at pH 
7 than at pH 3.    
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3.2 Effect of microwave heating  
Microwave heating was applied for pectin extraction from young palm.  The effect of microwave 
power and extraction temperature on extraction yield was investigated.  The extraction was performed 
using method 4 by fixing extraction pH at 2 and precipitation pH at 7.  The extraction conditions are 
summarized in Table 3.   
Table 3. Conditions for microwave assisted extraction of young sugar palm at 3 minutes 
samples Water (times) pH MW Power (W) Temperature (°C ) 
Young MW600T70 30 2 600 70 
Young MW600T80 30 2 600 80 
Young MW600T90 30 2 600 90 
Young MW700T70 30 2 700 70 
Young MW700T80 30 2 700 80 
Young MW700T90 30 2 700 90 
Young MW800T70 30 2 800 70 
Young MW800T80 30 2 800 80 
Young MW800T90 30 2 800 90 
According to Figure 5, microwave power at 800 W for 3minutes gave as high as 19.6-23.5% of 
extraction yield.  Even the extraction at microwave power at 600 W for 3minutes yielded about 10-13%, 
which were comparable to 2 hours of extraction by conventional heating.  To shorten the extraction time 
is known as one of great advantage for microwave assisted extraction.  In this case, microwave is 
considered to have a large contribution on disintegration of hard young sugar palm meat.    
Fig. 5.  Effect of microwave power and temperature on extraction yield from young palm 
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It was found that 90oC was the optimum temperature for extraction for all microwave power.   The 
attempt on 2, 3, 4 minutes of extraction at 90oC confirmed that  the 3 minutes of extraction time yielded 
the highest extraction efficiency.  The information for GA and DE of pectin from young palm from 
microwave assisted extraction is the next step for our research.   
4. Conclusions 
Pectin extraction was performed using ripened sugar palm meat and young sugar palm meat as raw 
materials.  By conventional heating method, the ripened sugar palm could give pectin as high as 20% 
yield at extraction condition of pH 2, 80oC, while the young sugar palm gave only 8.1% yield at pH 3.  It 
was found that galacturonic acid content and the degree of esterification decreased at alkaline conditions.   
The adjustment of pH to be 7-8 precipitation drastically increased the yield of extraction.  On the other 
hand, the extraction of young sugar palm meat at microwave power 800 W at pH 2 for 3 minutes yielded 
as high as 23.5% of pectin.  The result suggested that sugar palm meat had high potential as a new pectin 
source.
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